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Irritable bowel syndrome (IBS), which is defined by chronic abdominal pain associated with
diarrhea and/or constipation, bloating, and urgency, is one of the most common functional
gastrointestinal disorders in the United States. The pathophysiology of IBS remains poorly
understood; however, it is significant that many IBS patients also exhibit a wide variety of
somatic symptoms, including back pain, migraine headaches, heartburn, dyspareunia, and
muscle pain in body regions somatotopically distinct from the gut. Indeed, these IBS
patients with hypersensitivity also exhibit visceral and somatic hypersensitivity, which
suggests that abnormalities in peripheral and/or central pain processing contribute [12].
Further support for altered central nervous system (CNS) processing in IBS patients stems
from several neuroimaging studies that have clearly demonstrated altered brain activation
compared to controls in response to noxious stimuli [7,9,11]. Ongoing sensitization of both
visceral and somatic afferents may lead to altered input to the central neuroaxis, which
ultimately induces persistent CNS changes, as occurs in similar chronic pain syndromes,
such as temporomandibular disorder [8]. Thus, given the strong evidence for the presence of
altered central pain processing in IBS patients, could long-term microstructural
reorganization of the brain also contribute to the chronic pain and gastrointestinal symptoms
experienced by IBS patients?

The study by Ellingson et al. in the current issue of 2A/A® examines this question [4]. The
investigators hypothesized that IBS patients with chronic visceral pain have long-term
microstructural changes within the brain, particularly in regions associated with integration
of sensory information and corticothalamic modulation. Many studies have shown that the
basal ganglia is an important contributor to the integration of multiple sensory and
nonsensory information leading to interpretation and modulation of both acute and chronic
pain in persistent pain disorders, including IBS [10]. Based on these observations, the
authors further proposed that IBS patients have microstructural alterations within regions of
the homeostatic afferent network and the basal ganglia.

The current elegant study utilized diffusion tensor imaging, a magnetic resonance imaging
technique that can detect subvoxel microstructural information within tissues. Diffusion
tensor imaging measures both the magnitude and directionality of water self-diffusion [1].
This technique includes measures of fractional anisotropy (a scalar measure of relative
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diffusion anisotropy) and average apparent diffusion coefficient (mean diffusivity), which
have both been used as surrogate measures of human brain microstructural integrity. Of
interest, recent preliminary studies using diffusion tensor imaging in chronic pain patients,
including IBS patients, have demonstrated microstructural changes within sensory
processing regions [2,3,5,6]. In contrast to these earlier studies, Ellingson et al. performed
voxel-wise diffusion tensor imaging measurements within deep gray matter structures and in
white matter tracts, in a large cohort of well phenotyped IBS patients (n = 33) and healthy
controls (n = 93) [4]. In addition, the authors used probabilistic diffusion tensor imaging
tractography to examine differences in the number of fiber tract connections between areas
of the brain involved in pain processing in IBS patients and controls.

The results from the current study demonstrate that microstructural reorganization of chronic
pain pathways does occur in IBS patients, which is consistent with previous studies in other
persistent pain conditions, including chronic pain in IBS patients [7,9,11]. A significant
correlation was present between symptom severity and connectivity between the thalamus
and somatosensory cortex, as well as between the thalamus and insula. Interestingly, the
most pronounced microstructural findings that differentiated IBS patients from healthy
controls were seen in the basal ganglia and thalamus. Since the basal ganglia acts as a
multisensory integration site and has multiple connections to the thalamus and cortical sites,
it may serve to modulate pain behavior and learning in IBS patients. Indeed, the
abnormalities seen between these corticobasal ganglion-thalamic-cortical circuits may serve
to modulate complex interactions between behavior, emotion, and pain in IBS patients and
other chronic pain conditions such as interstitial cystitis, vulvodynia, and fibromyalgia.
Could reductions in axon and dendrite density in the corticobasal ganglia-thalamic-cortical
loops that modulate pain be a common underlying factor that coalesces pain behavior in
chronic visceral and somatic pain disorders such as IBS and fibromyalgia? The authors
suggest that in IBS patients, impairment of corticobasal ganglia-thalamic cortical loops may
be due to: 1) chronic prefrontal cortex activation in response to anticipation of visceral pain/
discomfort; 2) modulation of chronic sensory input; 3) the presence of persistent and
increased viscerosensory input due to visceral hypersensitivity that arises secondary to
sensitized primary visceral afferent pathways. Chronic afferent barrage from the gut leading
to CNS molecular and gene changes that create a chronic feedback loop via a homeostatic
cross-talking network [12] may also contribute to microstructural changes in IBS patients.

The results of the Ellingson et al. study [4] have significant implications and provide
challenges for future studies that evaluate microstructural reorganization of the brain (Fig.
12 in [4]) in IBS patients. Although microstructural changes that correlated with symptom
severity were noted in IBS patients compared to controls, the specific cell types involved
could not be delineated with diffusion tensor imaging. A further challenge going forward is
that patients with chronic pain syndromes often have significant underlying anxiety and
depression, with corresponding white matter and subcortical gray matter changes. In fact,
the current study excluded patients with a Diagnostic and Statistical Manual of Mental
Disorders, 4™ Revision diagnosis of psychiatric disease. Clearly, future studies should
examine the differential contribution of persistent pain syndromes vs psychological
disorders in microstructural brain changes. Longer-term longitudinal studies of IBS patients

Pain. Author manuscript; available in PMC 2017 September 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou and Verne

Page 3

should also be performed so as to determine the time course over which CNS changes occur
and fluctuate in response to therapeutic interventions.
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